Numbers and narratives:Developing a mixed-methods approach to understand mobility in later life by Meijering, Louise & Weitkamp, Gerd
  
 University of Groningen
Numbers and narratives
Meijering, Louise; Weitkamp, Gerd
Published in:
Social Science & Medicine
DOI:
10.1016/j.socscimed.2016.06.007
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Final author's version (accepted by publisher, after peer review)
Publication date:
2016
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Meijering, L., & Weitkamp, G. (2016). Numbers and narratives: Developing a mixed-methods approach to
understand mobility in later life. Social Science & Medicine, 168, 200-206.
https://doi.org/10.1016/j.socscimed.2016.06.007
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
Accepted Manuscript
Numbers and narratives: Developing a mixed-methods approach to understand
mobility in later life




To appear in: Social Science & Medicine
Received Date: 30 January 2016
Revised Date: 24 May 2016
Accepted Date: 7 June 2016
Please cite this article as: Meijering, L., Weitkamp, G., Numbers and narratives: Developing a mixed-
methods approach to understand mobility in later life, Social Science & Medicine (2016), doi: 10.1016/
j.socscimed.2016.06.007.
This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all













Manuscript #:  SSM-D-16-00304 
 
Manuscript Title: “Numbers and narratives: developing a mixed-methods approach to 
understand mobility in later life” 
 
Authors: 
Louise Meijering1 & Gerd Weitkamp2 
* Both authors contributed equally 
 
1Population Research Centre, Urban and Regional Studies Institute, University of Groningen, 
the Netherlands 
2Department of Cultural Geography, Urban and Regional Studies Institute, University of 
Groningen, the Netherlands 
 
Corresponding Author: 
Louise Meijering Population Research Centre, Urban and Regional Studies Institute, 
















Numbers and narratives: developing a mixed-methods approach to understand mobility 1 
in later life 2 
 3 
Abstract  4 
The aim of this methods-focused article is to explore the potential benefits of integrating GPS, 5 
diary and in-depth interview data to gain richer insights into the everyday mobility practices of 6 
older adults. Eighteen adults, aged 65 to 90 years, living in the Netherlands, participated in the 7 
study. Our findings illustrate how quantitative (GPS) and qualitative (interviews and diary-based) 8 
approaches together can generate different insights and layers of understanding from each 9 
individual method in order to enhance the overall study findings.   10 
Our findings demonstrate that our methodological approach generates new insights with respect 11 
to GPS-measured and self-reported mobility, time-geographies, and micro-geographies of older 12 
adults in the Netherlands. In conclusion, our mixed-methods approach contributes to a better 13 
understanding of the everyday mobility practices of older adults, and could be used in other 14 
demographic groups.  15 
 16 
Keywords: Netherlands; mixed methods; GPS tracking; in-depth interviews; travel diaries; 17 
mobility; time-geography 18 
 19 
1. Introduction 20 
Being mobile enables older adults to participate in meaningful activities, which in turn enhances 21 
their well-being (Nordbakke & Schwanen, 2014; Schwanen et al, 2012; Webber et al, 2010). The 22 
theoretical foundation for many studies on mobility is formed by Hägerstrand’s time-geography 23 
(1970). This offers a useful framework for studying revealed activity and travel patterns, shaped 24 















micro-level, while its applications were zone-based (e.g. life space measures). This changed in 26 
the 1990s, when micro-level activity and travel data became available, as well as GIS 27 
techniques to manage and analyze these type of datasets. From then onwards, research has 28 
focused on the refinement of spatio-temporal, geocomputational techniques to describe 29 
measured or potential spatial movement of individuals (Buliung & Kanaroglou, 2006).  30 
Time-geography has been criticized for its positivist characteristics, which come to the fore in its 31 
focus on objectively-measured revealed mobility without going further to explore people's 32 
perceptions and lived experiences of their everyday mobility patterns (Ellegård & Svedin, 2012). 33 
Much research on mobility is characterized by a focus on tracking mobility: measuring out-of-34 
home mobility in terms of distances covered, speed of movement, and number of places visited 35 
(Almanza et al, 2012; Chan et al, 2014; Neven et al, 2013; Shoval et al, 2011). There is some, 36 
mainly qualitative, work on self-reported mobility, which focuses on people’s perceptions of and 37 
satisfaction with their mobility (see Goins et al, 2015). However, much research either focuses 38 
on GPS-measured or (qualitative) self-reported mobility, and does not compare, combine or 39 
integrate the two methods. A notable exception is the work by Kwan & Ding (2008), which 40 
combined narrative analysis, qualitative GIS, 3D GIS-based time-geography methods, and 41 
computer-assisted qualitative analysis. More recently, work in which GPS tracking has been 42 
combined with methods such as qualitative GIS, in-depth interviews, walking interviews, travel 43 
diaries and participant-led photography, has emerged (Bell et al, 2015; Jones et al, 2011; Lord et 44 
al, 2009; Milton et al, 2015; Zeitler et al, 2012; Zeitler & Buys, 2015). These studies demonstrate 45 
that multiple research methods can enable a better understanding of the complex and various 46 
questions around the everyday geographies of mobility (Christensen et al, 2011).  47 
The added value of the present study lies in the combination of GPS, travel diaries and in-depth 48 
interviews, applied to the theme of mobility and wellbeing with respect to older adults in the 49 















and in-depth interview data to gain insight into the everyday mobility practices of older adults in 51 
the Netherlands.  52 
 53 
2. Methodology 54 
Mixed-methods approach 55 
Since our focus in terms of content was on older adultsˈ everyday mobility practices in relation to 56 
their well-being, we adopted a convergent mixed-methods design (Creswell, 2009; Fetters et al, 57 
2013). We used GPS-tracking, travel diaries and in-depth interviews for the purposes of 58 
triangulation and complementarity (Fielding & Fielding, 2008). The added value of this mixed-59 
methods approach lies in how complementary and contrasting results from the different methods 60 
can be used to generate new insights, how different methods can be used to generate different 61 
layers of understanding, and how the results of one method can be used to inform the other 62 
method(s) (Tariq & Woodman, 2013).  63 
There is an emerging literature in which GPS-based analytic approaches are used for different 64 
purposes capturing different aspects of mobility. In studies that focus on physical activity, GPS 65 
tracking is typically combined with accelerometer data. Such studies relate physical activity of, 66 
for instance older adults or adolescents, to the walkability of neighborhoods, park visits, and 67 
modes of travel such as commuting or school-travel, and public transport (Carlson et al, 2016; 68 
Chaix et al, 2014; King et al, 2011; Marquet & Miralles-Guasch, 2015; Stewart et al, 2016; Voss 69 
et al, 2014; 2016; Winters et al, 2015). Other studies use GPS tracking to measure activity 70 
space (Hirsch et al, 2014; 2016; Lee et al, 2016). Our study can be distinguished from those 71 
cited above insofar as we combined quantitative and qualitative methods, instead of using only 72 
quantitative methods. In so doing, we seek to combine GPS-measured mobility with self-73 
reported mobility (see, for example, Kelly et al, 2013; Panter et al, 2014). The self-reported 74 















We first collected GPS data and travel diaries. Subsequently, in-depth interviews were 76 
conducted. We aspired to integrate the different methods through ʻbuildingʼ (Fetters et al, 2013). 77 
This means that for each participant, the results from the GPS data and diaries, in terms of 78 
places visited, purposes of travel, modes of transportation, and travel companions, informed the 79 
focus of the in-depth interview. The data collection was carried out by a research group led by 80 
the authors as senior researchers, and included nine third-year undergraduate students. The 81 
students collected the data, and the data-analysis was performed by the authors. GW took the 82 
lead in the analysis of the GPS data and travel diaries, and LM in the thematic analysis of the in-83 
depth interviews. In the process, we continuously compared and integrated the emerging results 84 
from the different methods, through which we achieved a comprehensive analysis of the data. 85 
 86 
Sampling 87 
The research was conducted in the Netherlands among older adults, defined as 65 years and 88 
over. Data were collected in November and December 2014. The researchers recruited older 89 
adults through purposive sampling, using their own social networks and snowball-sampling. 90 
Purposive sampling is commonly used in qualitative and mixed-method research (Teddlie & Yu, 91 
2007). Participants were asked in person, by email or phone to participate. Some people 92 
declined to participate, because of the time and effort required. We recruited eighteen 93 
participants, twelve women and six men, aged 65 to 90 years, all native Dutch. The different 94 
methods were connected through the sampling frame: each of the participants in our sample 95 
participated in all three research methods (Fetters et al, 2013: 2139). Half of the participants 96 
were part of the social network of one of the students. but participants were never interviewed by 97 
someone they knew personally. 98 
 99 















In our approach to GPS data collection and processing, we drew on Kerr et al (2011). The 101 
participants were asked to carry a GPS tracker for eight consecutive days, whenever leaving 102 
their home. The aim of the GPS tracking was to record the participants’ space-time patterns. We 103 
used the QStarz Travel Recorder BT-Q1000XT, which has relatively high accuracy, good signal 104 
acquisition time, battery life, and data storage, and is also easy to use (Schipperijn et al, 2014). 105 
Participants needed to press a power button to turn it off and on, and to make sure to charge it 106 
every night. The students delivered the GPS tracker in person to each participant, explained its 107 
use and asked participants to charge it every night. They also gave the participants an 108 
information sheet with instructions for use, to consult later if necessary. The first tracking day 109 
functioned as a trial-day, which was not included in the analysis. When problems with the use of 110 
the device were identified, they could be resolved during that day. For fifteen participants, at 111 
least seven consecutive days were recorded. For three participants, multiple days were not 112 
recorded, as they had forgotten to bring the tracker, turn it on, or recharge the battery.  113 
The generated data consisted of the latitude, longitude, date and time, which were recorded 114 
every ten seconds. We used the GIS software V-Analytics to create a dataset with visited places 115 
and movements between those places (trajectories), the steps of which are shown in Figure 1.  116 
 117 
<Insert Figure 1 about here> 118 
 119 
The white circles represent the registered GPS points (Figure 1A). Each consecutive point was 120 
connected with a line, and a bounding box with a diagonal of 80 meters (red boxes) was used to 121 
distinguish activities and trajectories (Figure 1B). When GPS points were continuous in a 122 
bounding box for more than five minutes, an activity was created. The activities were used to 123 
split trajectories, and one or more activities at the same locations were clustered to create 124 















We found V-analytics more useful to analyze space-time movement data, compared to standard 126 
GIS software packages (see, for example, Andrienko et al. 2013).  127 
 128 
Travel diaries 129 
During the eight days of GPS tracking, the participants were asked to keep a written travel diary, 130 
in which they recorded all out-of-home activities they engaged in. The aim of the diaries was to 131 
collect self-recorded mobility for comparison with GPS-measured mobility, and to collect 132 
additional data on each trip. Participants wrote down the time they had been away from home, 133 
the purpose of the activity, with whom they had been, and the modes of transportation they had 134 
used. Fourteen of the eighteen participants kept a diary. Reasons for not filling out the diaries 135 
were either that participants had difficulties remembering the activities they had engaged in, or 136 
that it took too much of their time.  137 
We digitalized the diaries, coded the recorded information on mode of transportation, travel 138 
companion(s), and type of activity, and merged it with the GPS data (see Fetters et al, 2013). 139 
The diary data were compared with the GPS data, and we found that for six out of our eighteen 140 
participants, either GPS- or diary-data were missing. The observed differences between GPS 141 
and diaries stem from the fact that both capture different elements: a GPS tracker measures all 142 
outdoor movement, provided it is carried and can detect a signal, whereas participants are likely 143 
to write down in a travel diary only what is memorable for them. It might be, for instance, that the 144 
GPS plot would show a participant walk to a post-box round the corner from home, which was 145 
then not recorded in the travel diary as it is just routine and not necessarily deemed significant 146 
by the participant.  147 
This reflects some of the potentially pre-reflective, habitual aspects of mobility in which 148 
















In-depth interviews     151 
One to three weeks after they had worn the GPS device, each participant was interviewed. 152 
During the interviews, the participants’ mobility practices were discussed in relation to their self-153 
reported well-being. The complete interview guide can be found in Appendix 1. Since we had 154 
one standardized interview guide, some interviewers may have conformed to this more than 155 
others. The interviews were conducted in the homes of the participants, audio-recorded and 156 
transcribed verbatim. Each interview lasted around sixty minutes. The data from the interviews 157 
were analyzed with Atlas.ti, according to the principles of thematic analysis (Joffe & Yardley, 158 
2003).   159 
 160 
Ethical implications 161 
Our institution’s ethical committee advised positively about the study. The data have been 162 
anonymized as much as possible. Pseudonyms have been used to represent participants for the 163 
purpose of this article. Although the GPS data could not be anonymized, the home locations in 164 
the maps as presented in the results are masked. The participants were informed about the 165 
purpose of the project, as well as each of the used methods. Time was taken to explain the GPS 166 
tracking in particular, to make sure all participants understood the privacy implications of 167 
carrying the GPS device. All participants consented verbally to participate in the project, and to 168 
the use of their data for study and research purposes. Participants could withdraw from the study 169 
at any point.  170 
 171 
3. Findings and discussion 172 
Overall, the self-reported wellbeing and mobility was rated relatively high. During the in-depth 173 
interviews, the participants rated their wellbeing and mobility on a scale from 1-10. They rated 174 















consisted, for instance, of social contacts, listening to music, and doing sports. They rated their 176 
mobility as 8.0 on average (SD = 1.2). Thirteen participants had a car, twelve of whom had a 177 
driver’s licence. Six of the participants used one or more mobility aids: four used a walker, one 178 
used a walker and a cane, and one used a wheelchair and a mobility scooter. Based on the 179 
diaries, the number of visited places varied substantially among the participants (M = 12.0, SD = 180 
5.5 ). The average traveled distance in kilometers, measured with GPS, also varied substaintially 181 
(M =65.9, SD = 45.7) 182 
 183 
Mobility geographies 184 
In reporting our findings, we have integrated the different methods through weaving them 185 
together in the narratives, and through joint displays (Fetters et al, 2013). When we compared 186 
the GPS-measured and self-reported mobility of our participants as recorded during the week, 187 
differences emerged. We discuss Corry’s case as an example, the storyline of which represents 188 
most of our other participants. Corry is an 81-year old widow, who lives on her own in a small 189 
town with a population of around 3,500. The interview revealed that she suffers some physical 190 
ailments; she had  hip surgery and osteoporosis, but does not use any mobility aids. The diary 191 
revealed her means of transport: she walks and uses a bicycle, electric bicycle and car. Figure 2 192 
shows Corry’s mobility based on the mixed methods. 193 
The GPS-measured mobility is represented by the places she visited and the routes she 194 
travelled. Town A is her home-town, where she visited family and friends, and went to the 195 
supermarket (ten places in total). In town B she went to the doctor, shops, and the town hall (five 196 
places in total). In town C she visited family (one place in total). 197 
 198 
















Corry’s self-reported mobility was examined through the interview-data and is represented in the 201 
quote. During the interview, she stressed how she did not experience any restrictions with 202 
regard to her mobility. However, she contextualized this by telling us how she had adapted her 203 
mobility needs to her own experience, age and impairments. Her adapted expectations are 204 
reflected in her GPS-measured out-of-home mobility. Corry’s example shows us that looking at 205 
only GPS tracks or interview-data, could overlook nuances in participants' everyday mobilities:  206 
Figure 2 demonstrates how different methods can generate different layers of understanding 207 
through apparently contradictory findings. Therefore, quantitative models to study mobility, such 208 
as the life space model (Lewin, 1951; Webber et al, 2010), should at the very least be carefully 209 
interpreted. However, activity space models that integrate qualitative and quantitative data can 210 
include characteristics that capture the relationship between individuals and their environment 211 
(Mennis, 2013). Thus, a mixed-methods approach such as ours has the potential to refine 212 
current findings in which GPS tracking is used to define the activity spaces of older adults 213 
(Hirsch et al, 2014; 2016). 214 
 215 
Time-geographies 216 
When looking at the times during which our participants were active, the GPS results show many 217 
of our participants only engaged in out-of-home activities during the day, especially from late 218 
morning until dusk. Joan’s time-diagram in Figure 3 illustrates this, although the timeframe within 219 
which she engaged in activities was smaller than that of most other participants. Joan was an 220 
82-year-old widow who lived in a large town and did not use any mobility aids. 221 
 222 
<Insert Figure 3 about here> 223 
 224 
















[My daughter] comes and has lunch with me on Thursdays, but well it’s 45 minutes and 227 
she’s gone again. So I ask her to come over more often, but she works every day, so it 228 
has to be in the evenings; they’re always playing golf on Saturdays and Sundays, that’s 229 
up to them. They forget about me. […] I don’t drive and then they tell me to go out, but I 230 
can’t. (Joan) 231 
 232 
Joan feltthat the people in her social network, especially her children, were not available to 233 
engage in social contact as often as she would like, and not at the times of the day and week 234 
that she herself would prefer. In line with Bell et al (2014), our findings demonstrate the value of 235 
a mixed-method approach to better understand the role of relational agency with regard to 236 
wellbeing. Furthermore, our findings illuminate the significance of the differing time-geographies 237 
of people in different phases of their life course – in particular for the social lives of older adults, 238 
as has also been found by Lager et al (2015).  239 
 240 
Micro-geographies  241 
This mixed methods approach enhanced our appreciation of the micro-geographies of mobility 242 
practices. We use Angela’s case as an example here. Angela is an 81-year-old widow who lives 243 
in a suburb. During her interview, she told us how she would walk to a nearby supermarket on a 244 
daily basis. She explained how she took different routes, depending on the weather 245 
circumstances on a particular day: 246 
 247 
I: Do you have problems with reaching the shops over here, or not?  248 
A: No. […] Well, um, there’s this large apartment building over there. 249 















A: And when it’s windy, there’s always a lot of wind down there. 251 
I: Yes. 252 
A: Always, always [laughter]. Yes, it really is like that, it’s always windy down there, and 253 
it’s extra fierce. […] Yes, I always have to walk past it. But I can also, then I take the 254 
other corner and the street back there [...] so I take that street over there, and that’s not 255 
so windy (Angela). 256 
 257 
Angela felt she could not cope with the winds that gust along a large apartment building close to 258 
her home. Through her coping strategy of taking a different route, she managed to leave her 259 
home and take her daily walk, irrespective of the wind. Angela's brief efforts to point out her 260 
routes to the interviewer were not sufficiently detailed to be sure of the exact routes taken, and 261 
her travel diary did not explain why these diversions were made. However, the GPS data 262 
provided precise clarification of the weather-related diversions she raised within the interview  263 
(Figure 4).  264 
 265 
<Insert Figure 4 about here> 266 
 267 
This example demonstrates how mixed methods can be used to generate different layers of 268 
understanding, engaging with the complexities of older adults' everyday mobilities by securing 269 
insights from different perspectives. The combination of traditional qualitative methods and big 270 
data sets such as GPS data can be used to enrich or complement the analysis performed in 271 
mobility research (Kwan & Schwanen, 2016). The ability to collect time–space data at such high 272 
resolution in time and space creates opportunities to formulate new research questions that 273 
could not be asked previously; for example the impact of external dynamic variables on mobility 274 
















4. Conclusions  277 
This study shows that a mixed-method approach including GPS tracking, diaries, and in-depth 278 
interviews can open up new insights into the everyday mobilities of older adults. First, we found 279 
evidence that GPS-measured mobility can differ from self-reported mobility. Second, the 280 
emphasis on time-geographies revealed how the agency of our participants was sometimes 281 
limited when their time-geographies differed from those of their social contacts. Third, our mixed-282 
methods approach enabled us to gain insight into the micro-geographies of mobility. 283 
There are, however, some limitations to our study. The data collected with the GPS tracker and 284 
the travel diary covered one week of mobility patterns. Although most of the participants 285 
confirmed that the activities were representative for other weeks, we do not have a quantitative 286 
method to determine the representativeness of the data. Furthermore, it is not possible to study 287 
habitual movement patterns, or to identify and explain exceptions. With regard to 288 
representativeness, seasonality is also relevant: the data were collected in November and 289 
December, late autumn and early winter in the Netherlands, characterized by relatively low 290 
(sometimes below zero) temperatures, rain, and darkness. Our participants’ mobility would 291 
probably have varied, had the study been conducted in spring or summer. This confirms the 292 
findings of Portegijs et al (2014), who found some seasonal effects in the mobility of older adults.  293 
A further limitation is that the risk for missing data is relatively high with the approach we used, 294 
probably because of the diversity of tasks that participants were asked to perform. For one-third 295 
of our sample, either GPS- or diary-data were incomplete. Furthermore, the participants were 296 
not asked to expand on each specific trip or place as recorded with either GPS or diary during 297 
the in-depth interviews. Thus, more use could be made of detailed information on each place 298 















for instance, Bell et al (2015) and Milton et al (2015). Such an approach would open up 300 
possibilities to deepen knowledge on the everyday geographies of mobility.  301 
Future studies could build on our approach, since it demonstrates the added value of integrating 302 
measured and self-reported accounts of mobility, including both quantitative and qualitative 303 
methods. There is still room to optimize this approach by studying other methods of data 304 
collection and analysis, such as go-along interviews, mental maps, accelerometers and 305 
biophysical mobile sensors. In this context, it is important to acknowledge that the optimal mix of 306 
methods depends on the research question at hand.    307 
 308 
References 309 
Almanza, E., Jerrett, M., Dunton, G., Seto, E., & Pentz, M.A. (2012). A study of community 310 
design, greenness, and physical activity in children using satellite, GPS and accelerometer 311 
data. Health & Place, 18, 46-54. doi:10.1016/j.healthplace.2011.09.003. 312 
Andrienko, G., Andrienko, N., Bak, P., Keim, D. & Wrobel, S. (2013). Visual analytics of 313 
movement. Berlin: Springer-Verlag. 314 
Bell, S.L., Phoenix, C., Lovell, R., & Wheeler, B.W. (2014). Green space, health and wellbeing: 315 
aking space for individual agency. Health & Place, 30, 287-292. 316 
doi:10.1016/j.healthplace.2014.10.005. 317 
Bell, S.L., Phoenix, C., Lovell, R., & Wheeler, B.W. (2015). Using GPS and geo-narratives: A 318 
methodological approach for understanding and situating everyday green space 319 
encounters. Area, 47(1), 88-96. doi:10.1111/area.12152. 320 
Buliung, R.N., & Kanaroglou, P.S. (2006). A GIS toolkit for exploring geographies of household 321 
















Carlson J.A., Schipperijn J., Kerr J., Saelens B.E., Natarajan L., Frank L.D., . . . Sallis J.F. 324 
(2016). Locations of physical activity as assessed by GPS in young adolescents. 325 
Pediatrics, 137(1), 1-10. doi:10.1542/peds.2015-2430. 326 
Chaix B., Kestens Y., Duncan S., Merrien C., Thierry B., Pannier B., . . . Méline J. (2014). Active 327 
transportation and public transportation use to achieve physical activity recommendations? 328 
A combined GPS, accelerometer, and mobility survey study. The International Journal of 329 
Behavioral Nutrition and Physical Activity, 11, 124. doi:10.1186/s12966-014-0124-x. 330 
Chan, D.V., Helfrich, C.A., Hursh, N.C., Rogers, E.S., & Gopal, S. (2014). Measuring community 331 
integration using geographic information systems (GIS) and participatory mapping for 332 
people who were once homeless. Health & Place, 27, 92-101. 333 
doi:10.1016/j.healthplace.2013.12.011. 334 
Christensen, P., Mikkelsen, M., Nielsen, T., & Harder, H. (2011). Children, mobility, and space: 335 
Using GPS and mobile phone technologies in ethnographic research. Journal of Mixed 336 
Methods Research, 5(3), 227-246. doi:0.1177/1558689811406121. 337 
Creswell, J.W. (2009). Research design. Qualitative, quantitative, and mixed methods 338 
approaches. 3rd Edn. Thousand Oaks: Sage.  339 
Ellegård, K., & Svedin, U. (2012). Torsten Hägerstrand’s time-geography as the cradle of the 340 
activity approach in transport geography. Journal of Transport Geography, 23, 17-25. 341 
doi:10.1016/j.jtrangeo.2012.03.023. 342 
Fetters M.D., Curry, L.A., & Creswell, J.W. (2013). Achieving integration in mixed methods 343 
designs-principles and practices. Health Services Research, 48(6 Pt 2), 2134-56. 344 
doi:10.1111/1475-6773.12117. 345 
Fielding, J., & Fielding, N. (2008). Synergy and synthesis: Integrating qualitative and quantitative 346 
data. In P. Alasuutari, L. Bickman & J. Brannen (Eds.), The SAGE handbook of social 347 















Goins, R. T., Jones, J., Schure, M., Rosenberg, D. E., Phelan, E. A., Dodson, S., & Jones, D. L. 349 
(2015). Older adults' perceptions of mobility: A metasynthesis of qualitative studies. The 350 
Gerontologist, 55, 929-942. doi:10.1093/geront/gnu014. 351 
Hägerstrand, T. (1970). What about people in regional science? Papers of the Regional Science 352 
Association, 24(1), 6-21.  353 
Hirsch, J.A., Winters, M., Ashe, M.C., Clarke, P.J., & McKay, H.A. (2016). Destinations that older 354 
adults experience within their GPS activity spaces: Relation to objectively measured 355 
physical activity. Environment and Behavior, 48(1), 55-77. 356 
doi:10.1177/0013916515607312. 357 
Hirsch, J.A., Winters, M., Clarke, P., & McKay, H. (2014). Generating GPS activity spaces that 358 
shed light upon the mobility habits of older adults: A descriptive analysis. International 359 
Journal of Health Geographics, 13(1), 51. doi:10.1186/1476-072X-13-51. 360 
Joffe, H., & Yardley, L. (2003). Content and thematic analysis. In D.F. Marks & L. Yardley (Eds.), 361 
Research Methods for Clinical and Health Psychology (pp. 56-68). London: Sage. 362 
Jones, P., Drury, R., & McBeath, J. (2011). Using GPS-enabled mobile computing to augment 363 
qualitative interviewing: Two case studies. Field Methods, 23(2), 173-187. 364 
doi:10.1177/1525822X10388467. 365 
Kelly, P., Krenn, P., Titze, S., Stopher, P., & Foster, C. (2013). Quantifying the difference 366 
between self-reported and global positioning systems-measured journey durations: A 367 
systematic review. Transport Reviews, 33(4), 443-459. 368 
doi:10.1080/01441647.2013.815288. 369 
Kerr, J., Duncan, S., & Schipperijn, J. (2011). Using global positioning systems in health 370 
research: A practical approach to data collection and processing. American Journal of 371 















King, A.C., Sallis, J.F., Frank, L.D., Saelens, B.E., Cain, K., Conway, T.L., . . . Kerr, J. (2011). 373 
Aging in neighborhoods differeing in walkability and income: Associations with physical 374 
activity and obesity in older adults. Social Science & Medicine, 73, 1525-1533. 375 
doi:10.1016/j.socscimed.2011.08.032. 376 
Kwan, M., & Ding, G. (2008). Geo-narrative: Extending geographic information systems for 377 
narrative analysis in qualitative and mixed-method research. The Professional Geographer, 378 
60(4), 443-465. doi:10.1080/0033012080221175. 379 
Kwan, M., & Schwanen, T. (2016). Geographies of mobility. Annals of the American Association 380 
of Geographers, 1-14. doi:10.1080/24694452.2015.1123067. 381 
Lager, D., Hoven, B. van, & Huigen, P.P.P. (2015). Understanding older adults' social capital in 382 
place: Obstacles to and opportunities for social contacts in the neighbourhood. Geoforum, 383 
59(1), 87-97.  384 
Lee, N.C., Voss, C., Frazer, A.D., Hirsch, J.A., McKay, H.A., & Winters, M. (2016). Does activity 385 
space size influence physical activity levels of adolescents?—A GPS study of an urban 386 
environment. Preventive Medicine Reports, 3(1), 75-78. doi:10.1016/j.pmedr.2015.12.002. 387 
Lewin, K. (1951). Field theory in social science. New York: Harper Torch Books. 388 
Lord, S., Joerin, F., & Theriault, M. (2009). La mobilité quotidienne de banlieusards vieillissants 389 
at âgés: Déplacements, aspirations et significations de la mobilité [daily mobility of aging 390 
and elderly suburbanites: Trips, aspirations and meanings of mobility]. The Canadian 391 
Geographer, 53(3), 357-375. doi:10.1111/j.1541-0064.2009.00269.x. 392 
Marquet, O., & Miralles-Guasch, C. (2015). Neighbourhood vitality and physical activity among 393 
the elderly: The role of walkable environments on active ageing in Barcelona, Spain. Social 394 















Mennis, J., Mason, M.J., & Cao, Y. (2013). Qualitative GIS and the visualization of narrative 396 
activity space data. International Journal of Geographical Information Science, 27(2), 267-397 
291. doi:10.1080/13658816.2012.678362. 398 
Milton, S., Pliakas, T., Hawkesworth, S., Nanchahal, K., Grundy, C., Amuzu, A., . . . Lock, K. 399 
(2015). A qualitative geographical information systems approach to explore how older 400 
people over 70 years interact with and define their neighbourhood environment. Health & 401 
Place, 36(5 Suppl 1), 127-133. doi:10.1016/j.healthplace.2015.10.002. 402 
Neven, A., Janssens, D., Alders, G., Wets, G., Van Wijmeersch, B., & Feys, P. (2013). 403 
Documenting outdoor activity and travel behaviour in persons with neurological conditions 404 
using travel diaries and GPS tracking technology: A pilot study in multiple sclerosis. 405 
Disability & Rehabilitation, 35(20), 1718-1725. doi:10.3109/09638288.2012.751137. 406 
Nordbakke, S., & Schwanen, T. (2014). Well-being and mobility: A theoretical framework and 407 
literature review focusing on older people. Mobilities, 9(1), 104-129. 408 
doi:10.1080/17450101.2013.784542. 409 
Panter, J., Costa, S., Dalton, A., Jones, A., & Ogilvie, D. (2014). Development of methods to 410 
objectively identify time spent using active and motorised modes of travel to work: How do 411 
self-reported measures compare? International Journal of Behavioral Nutrition and Physical 412 
Activity, 11(1): 116. doi:10.1186/s12966-014-0116-x. 413 
Portegijs, E., Iwarsson, S., Rantakokko, M., Viljanen, A., & Rantanen, T. (2014). Life-space 414 
mobility assessment in older people in Finland; measurement properties in winter and 415 
spring. BMC Research Notes, 7, 323-331. doi:10.1186/1756-0500-7-323. 416 
Schipperijn, J., Kerr, J., Duncan, S., Madsen, T., Klinker, C.D., & Troelsen, J. (2014). Dynamic 417 
accuracy of GPS receivers for use in health research: A novel method to assess GPS 418 
















Schwanen, T., Banister, D., & Bowling, A. (2012). Independence and mobility in later life. 421 
Geoforum, 43, 1313-1322. doi:10.1016/j.geoforum.2012.04.001. 422 
Shoval, N., Wahl, H.W., Auslander, G., Isaacson, M., Oswald, F., Edry, T., . . . Heinik, J. (2011). 423 
Use of the global positioning system to measure the out-of-home mobility of older adults 424 
with differing cognitive functioning. Ageing & Society, 31, 846-869. 425 
doi:10.1017/S0144686X10001455. 426 
Shoval, N., Auslander, G., Cohen-Shalom, K., Isaacson, M., Landau, R., & Heinik, J. (2010). 427 
What can we learn about the mobility of the elderly in the GPS era? Journal of Transport 428 
Geography, 18(5), 603-612. doi:10.1016/j.jtrangeo.2010.03.012. 429 
Stewart O.T., Moudon, A.V., Fesinmeyer, M.D., Zhou, C, & Saelens, B.E. (2016). The 430 
association between park visitation and physical activity measured with accelerometer, 431 
GPS, and travel diary. Health & Place, 38, 82-8. doi:10.1016/j.healthplace.2016.01.004. 432 
Tariq S, & Woodman J. (2013). Using mixed methods in health research. JRSM Short Reports, 433 
4(6), 1-8. doi:10.1177/2042533313479197. 434 
Teddlie, C., & Yu, F. (2007). Mixed methods sampling: A typology with examples. Journal of 435 
Mixed Methods Research, 1(1), 77-100. doi:10.1177/2345678906292430. 436 
Voss C., Winters M., Frazer A.D., & McKay H.A. (2014). They go straight home - don't they? 437 
using global positioning systems to assess adolescent school-travel patterns. Journal of 438 
Transport and Health, 1(4), 282-287. doi:10.1016/j.jth.2014.09.013. 439 
Voss, C., Sims-Gould, J., Ashe, M.C., McKay, H.A., Pugh, C., & Winters, M. (2016). Public 440 
transit use and physical activity in community-dwelling older adults: Combining GPS and 441 
accelerometry to assess transportation-related physical activity. Journal of Transport & 442 
Health, doi:10.1016/j.jth.2016.02.011. 443 
Webber, S.C., Porter, M.M., & Menec, V.H. (2010). Mobility in older adults: A comprehensive 444 















Winters, M., Voss, C., Ashe, M.C., Gutteridge, K., McKay, H., & Sims-Gould, J. (2015). Where 446 
do they go and how do they get there? older adtuls'  travel behaviour in a highly walkable 447 
environment. Social Science & Medicine, 133, 304-312. 448 
doi:10.1016/j.socscimed.2014.07.006. 449 
Zeitler, E., & Buys, L. (2015). Mobility and out-of-home activities of older people living in 450 
suburban environments: 'Because I'm a driver, I don't have a problem'. Ageing & Society, 451 
35, 785-808. doi:10.1017/S0144686X13001086. 452 
Zeitler, E., Buys, L., Aird, R., & Miller, E. (2012). Mobility and active ageing in suburban 453 
environments: Findings from in-depth interviews and person-based GPS tracking. Current 454 














We are indebted to the students who collected the data in this research project: Aukelien 
Antonides, Eva Bakker, Elisa van Bergen, Maaike Hofstra, Stefan Jurrjens, Joost Mazier, 
Berber Oosterhagen, Eppie Silvius, and Gijs Textor. Furthermore, we want to express our 
gratitude to the study participants. We thank three anonymous peer reviewers for their 















Figure 1: From GPS points to places and trajectories  
Figure 2: Corry’s one-week mobility pattern 
Figure 3: Joan’s time diagram showing the time at which she started an activity. On the x-
axis the hours of the day, and on the y-axis the days of the week 
Figure 4: Mobility pattern of Angela showing two different routes on two different days (yellow 


































































• Our mixed-methods approach increases understanding of mobility of older adults 
• The approach combined GPS-tracking, travel diaries and in-depth interviews 
• GPS-data and self-reported data generate new insights in mobility geographies 
• Our mixed-methods approach enables multi-layered understanding of time-
geographies 
• Our mixed-methods approach enables multi-layered understanding of micro-
geographies 
 
